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(57) Abstract 

by a guidewire (260) and hu a metal fabric mowZii^f^J^f^l*^^ 

being adapted to slide alo^ii ^J^S^S^^^^y^ ««»d end. (272. 274). one^S^^.g^'SS 
of the metal fiOsic (270) are positiaBed ctecr ID « motoT^^ 
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METHOD OF Fnnivn N r, ^ nrprf.^, mrvf^pg. 
INTRA VASniT,^,, -^r' TLlrSinw p iTTT^f; 

FIELD riB TTTF rMVP^rixf 

i"™tio„g«=^,„Utett,i„,„v3scular devices for «.dng 
medical condition and. „,„,e parfoilarly, provider a meUicd of fc^i./ 
n.«va«„lar device, and ce«i„ „„ve, i„«vascu,ar ocCusio- de^Sni^^ce. 
m^. acco-dance wi,h i,ve„,o„ „ ^^^^ „^ ^.^ 

ac^rorU«tte„a™o.e,ccad„ninapade«..va«„ar,,s«.<„r 
•miogous ve»el5 widiin a patient's body. 

BACirnBnTT)^ of tub Ti^Tp N-nnw 
A wide vadety of inttavasctuar device, ate «ed in various m«iical ptoccdntcs 
-^i, .0 dei„„ fluids 0. ^ „ ^ [ 

^y, «uc as a selective site ^.Mn va^uia. systec. 0*.,. f^, ^ 

convK do^es are used in treating specific conditions, such as devices used in 
removutg vascular occlusions or for treating sq,.al defects and the mce 

« » st! ^ a patient's vessel, such 

«P sto^ hlood flow ^trough an anery to a tuotor or other lesion. Presenfly, tMs is 
acconipushed sintply hy inse,^. e.g. Xvalon particles, at^ie nL for 
«^Ur occasion particie,, and short s«ions of coU springs into a vessel at a desired 

These "etobolizado. ag«.ts- wiU eveao^Hy t«o=» lodged in the vessel 
ft«^^yi^gdownst,e,.nof.he.te,t.hic^ 

pan due to Ute inabiUty to pt^isei, position ^ en,boli^™ agents 
tan piocedure is often limited in its utility. ' 
Dmchabie baUoon c«he.e„ are also used to block patients' vessels. W» 
a catheter, an expat^hle balloon is c»ied on a distal end of a cadger. 

u!^ k '^""°'^'^'°^'"^'^ a fluid 

~y ffl. vessel and becomes K-ged therein. Kesins which will 
u^tde the balloon, such as an acrylomtrile. can be employed to permanendy ^ 
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the size and shape of the baUoon. ITie baUooa can then be detached from the end of 
the catheter and left in place. 

Such balloon embolizations are also prone to cenain safety problems, though. 
For example, if the balloon is not filled enough, it wiU not be firmly fixed in the 
"""^ ""^y ^ downstream within the vessel to another location, much like the 
loose emboIizatioD agents noted above. Id order to avoid this problem, physicians may 
overfill the baDoons; it is not uncommon for balloons to rupture and release the resin 
into the patient's bloodstream. 

Id still other procedures, it may not be necessary to permancndy occlude a 
vessel, but it may be necessary to provide a fdter or the like to prevent dirombi from 
passing a particular location. For example, rotating bum are used in removing 
atheroma from the lumen of patients' blood v<tsicls. These bum can effectively 
dislodge the atheroma, but the dislodged material will simply float downstream with 
the flow of blood through the vessel unless steps are taken to ammre the material. 

Some researchers have proposed various traps or filten for capturing the 
particulate matter released or created in such procedures. However, such filters 
generaUy have not proven to be exceptionally effective in actual use. Such filters tend 
to be cumbersome to use and accurate deployment is problematic because if diey are 

not properly seated in die vessel they can drift to a more distal site where they are 
likely to do more harm than good. In addition, these filters are geneiaUy c^le of 
only trapping relatively large tiuombi and are not effective means for removing smaller 
embolic particles from die blood stream. 

The problems with temporary filters, which are intended to be used only during 
a particular procedure tfien retracted witii the thrombi tapped dierein. are more 
pronounced. Even if die trap does effectively capmre die dislodged material, it has 
proven to be relatively difficult or complex to retraa die tnq) back into die odieier 
through which it was delivered widiout simply dumping die tr^ dirombi bade into 
die blood stream, defeating die purpose of die temporary filter device. For dds 
reason, most adierectomy devices and d« like tend to aspirate die patient's blood 
during die procedure to remove die dislodged material entrained dierein. 

Mechanical embolization devices, filters and traps have been proposed in die 
past. Even if some of diose devices have proven effective, diey tend to be radier 
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uivmuauy ronned and then painstakinelv aitarh^ 

«.-i«..,«pn>ducible Jesuits I. would ! " ^ 

«boItai» device whilTl, xiv-nagco.^ «, p„vide a .-Jiable 

"*-uun acvice wtiicfa IS both easy to deoJov anrf t,^ 

oap ,5 to be iBed only ttaiporarily, it should be readUy withdrawn ftn™ ,h • 
-*o„. si^pi, duu-ph., U„ ^pped thn^i bac. i^ JJ^ " 

The present invention provides a nw^hnw r * 
a resilient metal fabric and JT^^ ™^ inoavascular devices ftom 

cai metal labnc and medical devices which can be form*.^ • 
this method Tn a. . . "i^n can de fonned m accordance with 

can be heat tT«f^ ♦ . . ^ °f a resilient marerial which 

«noe neat treated to substantiaBy set a desired Shane Th{< • • 

generally confonn to a molding surface ^ "^"^ " ^°nned to 

tr^foA • and die fabric is h«f 

treated mcontaa with the surfece of th*™«M- , «e laonc is heat 

- ^i-e oTTh: r.rr^ r r"" 

in its defonned state Afterth.. , "'^^^'^^y « the ftbric 

- ^ n»..Ce.:rrz:: •^^ — 

The fabric so treated rf.fi ^ «atc. 

*«wic so treated defines an expanded state of a medirai^ • 
deployed throueh a «.th^. u * which can be 

p ^'«"»^Sh a catheter mto a chamiel in a patient's body. 
In accordance with the method of the invi-nfi^n ^- , 
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adjaccnt a tieatment site for treating a physiological condition, a medical device made 
in accordance with the process outlined above can be collapsed and inserted into the 
lumen of the catheter. THe device is urged through the catheter and out the distal end 
whereupon it wiU tend to mum to its expanded state adjacem the treatment site. 

Further embodiments of the present invention also provide specific medical 
devices which may be made in accordance with the present invention. Such devices of 
the invention are formed of a metal fabric and have an expanded configuration and a 
collapsed configuration. TTie devices are coll^sed for deployment through a catheter 
and, upon exiting the distal end of the catheter in a patient's chamiel. will resilienthr 
substantiafly return to their expanded configuration. In accordance with a first of these 
embodmiems. a generally elongate medical device has a generally tubular middle 
portion andapair of e^deddiameterportions, with one expanded diameter portion 
positioned at either end of the middle portion. In another embodiment, the medical 
device is generafly beU^. having an elotigate body having a t^ 
a larger second end. the second end presenting a fabric disc which will be oriented 
gcnciany perpendicular to an axis of a cfaamiel when dqjloyed therein. 

BRIEF DRSCRIPTTnM Oi: -r g s DP^ Wrvr^c 

Figures lA and IB each depict a metal febric suitable for use with the 
invention; 

Figures 2A and 2B are a side view and a per^ve view, respectively, of a 
moldmg clement and a length of a metal fabric suitable for use in forming a medical 
device in accordance with the invention, die mold being in a disassembled state; 

Figure 3A is a perspective view showing the molding element and metal'febric 
of Figure 2 in a partially assembled state; 

Figure 3B is a close-up view of the higUighted area of Figure 3A showing the 
compression of the metal febric in the molding element; 

Figure 4 is a aoss-sectional view showing die molding element and metal 
fabnc of Figure 2 in an assembled state; 

Kguies 5A and 5B are a side view and an end view, respectively, of a medical 
device m acconlaace with the invention; 
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H|nre 7 is a side, cross sectional view of a moM™. , 
fonni., „e,^ ^ — iu^ie ro. 

^'^««»*'"»«cffl„soatio.sl,o™gtt„^^^„f 
— — ^ vascn- .s«„ . ocC. a 

luance witu yet another embodnnent of the iavention- 

■^^dz r °' °" - 

Rgure IOC is a cross-sectional view of stin «no»h 
for fonnin, the invention of Hgu^s 9A and 9B '^'"^^ ^"^^^ 

ce with the invennon showing the device in a collapsed state for d«„ 
^ a patient's vascular system; deployment 

Figure IIB is a schematic side vieti/ of th^ ^. . 

'--«3.fo..i.p,o^e..,,;L7::::'^--<>---.a. 

cnaon of Fignre llA showing the device in a coUaosed ^t. 
<iq)Ioyment; aate witiun a catheter for 

Figure 12B is a schematic side view of th.. r ^ 

acconia^';:^' ™ ^" """'^ ' 
««nce with yet a further embodiment of the m^,^tirs m 

for deployment h, a chamiei in a patient's ""^"^ ^ ^ 

Figure 14 is a schematic side view of thl device of Fi^in. i . • 
deployed state; and of Rgure 13 m a partially 
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d^^es for in „ M p^e«.. ^e., «^ . 

~o «»pfcs Of ^ <^ric. wMch a:. »i.ab,. for ^ 

invention. 

I. the ftbric of Fip,„ lA, tbo meal sttuKU define „o of ««„Mv 

a« wea known, they need »ot be discussed ai lensth here 

wire ^"^ <^ .he n.res of U« 

P^.^3ndp.kof«„«^^^„^^^^2^«; 

«u.?ly Mended «,fitelxxfflyflmd passing teetongh. 

/°''»^l«.i»'«i"ga«,b«larbreidsnchasIhatshowninKg„relAiofo,„, 
.2«-«^^in.ig«res5A.nd5B,.nu^^ra^::: 

«.^,e fcr a do^ ^ ^ ^ ^ ^ ^ ) 
Hguies 5A and SB. "M* U« embodiment of 
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" iucct, iouned sheet or the liJr^* Tn tu^ 
K^re ,B, U»« ,„ ^ ^„ ^ ^ J"' '^ '^ fabric ..„w„ 

one set 

or double knits) may be selerfM. • • ^® t^ie fat, e.g. Jeney 

"14/ oe seiected to optnnize the d*»««.w «... 

device. . . ^ ^^^"^P'^PertMS of the final medical 

- . _ rr jrr r 

wm ca^ ^ ^ .Z^l^' ""^ *"S= Which 

■^wn u, U« an and »ch a,,.,^ ^ » ««U 

n.s. Pa^n. oind, an. :i:!rr«i"^"' 

ei zi.), the teachings of which 
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« i.=on.on«d herein by ..fe^cc, <to,« U,e of shape „e™„ NIT, alloys i„ 
^.de.«s. Such NiTi alloys are p„fc„e<i. a, .«s, in pan, because .hey are 
commercial,, available and more is known abou. handling such aHoys *an other 
taow. Shape memory alloys. NiH alloys are also v«y dastic - they are said «, b. 
»P«eIastic:.oj -pseudoebsdc-. TWs elaaiciry wm help a device of Ure invenrion 
mum to a present «,Mnded configuiaioo for deployment. 

IT« wire strands can comprise a standard monofilament of the selecad 
ma.e,«,,i.e.as„ndar,iwi,estockmaybensed. If so desin=d. tho»sh. the individual 
^« st-ands may be formed ftom -cables" maie „p of a plurality of individual «res 
For .»npfc, cables fctmed of metal wites where several wires are helic^y ^ 
«bo»t a central wipe are commercially available and NiT. cables having an outer 
d|».«er of 0.003 inches or less can be p«has«i. 0.» advantage of certain ^les is 
to they totd ,0 be -softer- than mooofilamem Wires having Ute same diameter a^ 
fotmed ofthesamematetial. AddidonaHy, if the device being fot^edftom the wire 

to be used to occlude a vessel, the use Of a cable can increase the effectfve 
^rface area of the wire soand, which will tend to promote tb»mbosis 

l«prepa.a,ionoffotmingamedicald«iceinlc.^gwitbth.invennon an 
TOtely Sized piece of the m«al ftbric is cut fn,t» the lasger piece of 6b* 
whtc^^ .s fotmed. for «<amp,e. by braiding wire st.««,s to form a 1«« tubular braii 
The dunensions of the piece of fabric to .» cut wiU depend, in large part, upon tte 
SEe and sh^ rf^te „,edical device to be formed therefrom. 

When aming the fibric to the desired dimensions, caie should be .alte. to 
««m=d»tthe6bticwiU»t,mravel m *e case of t^Uar btaids form«i of Nm 
alloys, for example, the individual Wire strands win tend to return to their heat-set 
configur^ion unless constrained. If .be braid is heat treated to sc. the strands in the 

b.ar<ted configuration, they will tend .0 remain i. the braided form and only the e^ 
wm become ftayed. However, it may X. more «,nomicaI to simply form the braid 

ir; r."^' » .be 

medical device, as noted below. 

l"»*««.ed^m fibres, the saandswiU.o«l,o,«n,n,„tf^.^ 
coofigur^ion and the br«d c«. mnavel fairty tpriddy unless the ends of the len-d, of 
braid cm to form d,e device are constrained relative to one another. One meth,^ 
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length of fabric Th. , ^ "^""^"^^ ^ «°Pty whhin a 

6Ui wgcuer (e,». with a biocompatible cem^^H^i^ 
before outline the br,5H auu . ^^^^^tious organic material) 

laser welder. ' « spct weldhg wiih a 

■n>= a« pn-bte prK=„, u«n,«elv« when a flat sheet of fth • . 
wov«, ftwc Show. i. ,3 ^ fl« ^ Of &bnc such as d« 

^ -pen „ .™ a ^ess or .epHlrr ."^ ""^ ^ 
dcsiicd to keen tl,<. • • '^^O'* »e febnc is cut If it is 

- i-nco!^ t -""^^ " — . » we,. 

Once an appropriately sized niece of fh^ « . . 

-"^e.en.e.s^.^ri.LT^™'?"'""^- ^'^"^'^ 

■"■smoldiiigetaKiitcanbeastogleDieM nri, . 
".«"pi«es.hich»^^,.J:^7---^'^-of.«.esof 

or CM be external of such a space or by the fitaic 

^ ^•'^•"'"""'^bothmsideai-io.tsidesucha 
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In order ,o il.uan,.c c. .«»p,c of how such . „old ™y ^ ^ 

bow ^ ^ ^ ^ ^ ^ 

^ .0 F.g„r« 2-5. In 2^. u,. folding e>=men. 20 is fonned „, a number of 

^ pi«=« which can he a«ach«, « one another to complex a. n»laing etaem 
20. In «:ng such a muM-piec. folding .tanem. u» „oId can be a^hled abon, U» 
«< length of fahric 10, tt«eb, defonning tte ftbric » ge„e,;Uly conf,™ „ 
lesired anlace (or smftces) of the molding elemenL 

In tte molding dement ilnaated in Rgures 2^. u.e menu fibiic 10 is 
defonned to genetaily conto «, a «*ce of the molding el«„ent 20. the moMng 
.lemen,comp,iaingace«.r«ctio.30a>dapairofe«dpla.e,40. T„n^gta„ 
center action 30. the cenmr section is desitably fbnned of oppos«l halves 32 32 
whtch can be moved away ftom one another in order to inoodnce ±e metal lo 
«o d» mold. Although these two halves 32. 32 are shown in the drawings as Wng 

~n.pl..c.y separated from one another, it is to he undet^x., tha, these halves c^^^^ 
^mter«»»e=.ed,snch,sbym.ansof.hingeora»Uke,ifsodesi,ed. Thec^ 
balves of the molding element 20 shown in d.e drawings of Hgures 2 and 3 eaj 

■"Ctode a pair of semi-drcnlar tecesses opposed on eidter side of a Hdge defto^ 
^enerauy s«ni^ opening. When d« two halves arc assembled m fotming'tie 
as best seen in Ftgure 3. the semi^ opeotog, ^ ^ 3^ 

32 mate ,0 deitoe a geneafly circular fbnning pon 36 passing through the center 
«t«,.30 Similarly, the semi<i,»Ur,«esses in the .wo h^ves^getherfo™ a ;»ir 
of genetaay =i-Ur central .«esses 34, with on. such tecess being disposed on either 
race of the center section. 

dimensions of d»ce«e, section can be varied as desited- 
««««»..Uy,h.si«ofd»c«m,lrec=ss.s34and.hefonaingpo„36whichwffl " 

<l=fin.<hesize«ri.h,p.ofd»middl.of,hefinisheddevice.as=,plainedb.k,w If 
» desired, each half 32 ma, beprovided with a mmmaUy gnspable p,„j«i«, m 
ae embodm>e« show, in the dnwings. Uds projecdo. 38 is pnMded a a locado. 
■imposed away fiom the abutting ftce. of the „«p«:tive hives. Such.mam«UIy 
impale prajection 38 will simply enable an operator to mops easU, join dte ««, 
halves to define die recesses 34 and fbnning port 36. 
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ne center action i. cooperatively engage a pair of end pla.« 40 for 

fomuns U.e desired device. In .he embodiment shown in Fig„,es 2 and 3, 4e c«,«r 
««.o„ 30 ha. a pair Of fb, outer hce. 39 which are each adapted u, be engaged by an 
^r fice 42 of one of the two end plate. 40. Bach end plate indnde. a compression 
^ 44 whici eaends genetaily-latetaily inwardly ftom fl,e inner face 42 of the «,d 
Irta«. This compression disk 44 should be si^ed to petmit it to be received within on. 

of the cental recesses 34 on «a,er6« of the center secdon 30. Forreasons 
«pla»ed more fbUy below, each compression disk 44 includes a cavity 46 for 
recemng an end of the length of the metal febric 10. 

<^°''»«=''»™eb 48 for recdving bolts and the like may also be provided 
■tough.a=hofd«endplatesandth™.ghth.centersectio.30. By passing bolts 
ttronih these channeb 4S, one can assemble the molding el«nent 20 and retain the 
"etal iabtic in the desired shape during the heat tteannent process, as outlined below 
In unli^g .he molding elemem 20 shown in Figures 2-4. a JengO, of the meal 
10 c«. be positioned between the opp«ed halves 32 of die cen«r section 30. to 
U» dra^ngs ^ ^ ^0 of Hgures 2-4. die metal fabric 10 is a mbular 
•^.d suchasteiUustr^i^F-gurel^ A suffiden. tag* of tite mbular braid 
*ould be provided » penni. the fabric to coirform ,„ u»= molding surface as 
otplamcdbelow. Also, as noted above, care shouM be taken U„ ^ ^ ^ 

w« stnmds defining ti» tubular btaid in order to prevent d« metal fabric from 
unraveling, 

of ftelengti, of tte metal braid may be positio^d Within one 

of U« two halves Of d.e fcnning port 36 and the 0H»sed halves 32 of center 
««»n may be joined to abut on. another ,0 restrain a ca^ 

bmd witltin d,. cennal forming port 36 tiuough the cater section 

^ «*^'»^wm tad to have a naa«al.,etaed diameter which is 
<Mn«i. » large part. When tubular btaid is formed. Unless the mbular braid is 

ot^ d*rm«.. When U« wire strands are in d«r relaxed sme they win «nd to 
^ a gen^ny hoUow tube having the predetermined diamet«. aiam«er 
ofti„„h«db,aia.„yb,.fo,^p^_^^_^ H» relative size of ti« 
formmg port 36 in d,e catnl s«<ion 30 of the molding el«n«,t and the namral 
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relaxed outer diameter of the tubular braid may be varied as desired to achieve the 
desired shape of the medical device being formed. 

In the embodiment shown in Figures 2 and 3. the inner diameter of the forming 
port 36 is optimaUy slightly less dian the natural, relaxed outer diameter of the tubular 
braid 10. Hence, when the two halves 32. 32 are assembled to form the center section 
30. the mbular braid 10 will be sHghtly comprised within the forming port 36. ITus 
win help ensure thai the tubular braid conforms to the imier surfece of die forming 
port 36, which defines a portion of the molding surface of the molding element 20. 

...If so. desired, a. generally cylindrical internal, molding section (not shown) may 
also be provided. This internal molding section has a slightly smaller diameter than 
the imier diameter of the forming port 36. In use, the internal molding section is 
placed within the length of the metal fabric, such as by manuaUy moving die wire 
strands of the fabric apan to form an opening through which the imeraal molding 
section can be passed. Tliis internal molding section should be positioned withm'the 
tubular braid at a location where it will be disposed within the forming port 36 of the 
center section when tbc molding element is assembled. There should be a sufficient 
space between the outer smfece of the interior molding section and the imier surfece of 
the forming port 36 to permit the wire strands of the febric 10 to be received 
therebetween. 

By using such an internal molding section, the dimensions of the central portion 
of the finished medical device can be feiriy accurately comxoHed. Such an internal 
molding section may be necessary in circumstances where tiie natural, relaxed outer 
diameter of the mbular braid 10 is less than the imier diameter of the forming port 36 
to ensure that the braid conforms to the imxer surface of that forming port However, 
it is not believed that such an internal molding section would be necessary if the 
naaral. relaxed outer diameter of the braid were hrger than the imier diameter of the 
forming port 36. 

As noted above, die ends of the tubular braid should be secured in order to 
prevem the braid from unraveling. Each end of the metal fiibric 10 is desirably 
received within a cavity 46 formed in one of the two end plates 40. If a clamp (15 in 
Figure 2) is used, the clamp may be sized to be rdatively. smjgly received widiin one 
of these cavities 46 in order to effectively attach the end of the febric to the end plate 
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40. The end plates can then be urged towaid the center section 30 and toward one 
another until the compression disk 44 of each end plate is received within a central 
recess 34 of the center section 30. TTie molding element may then be clamped in 
position by passing bolts or the like through the channels 48 in the molding element 
and locking the various components of the molding elemem together by tightening a 
nut down onto such a bolt (not shown). 

As best seen in Figure 3 A, when an end plate is urged toward the center section 
30. this will compress the tubular braid 10 generally along its axis. When the mbular 
braid is in its nslaxed-configuiation. as iflustrated in Figure lA. the wire strands 
forming the tubular braid will have a first, predetermined relative orientation with 
respea to one another. As the tubular braid is compressed along its axis, the fabric 
will tend to flare out away from the axis, as iUustrated in Figure 4. When the fabric is 
so deformed, the relative orientation of the wire strands of the metal fabric win 
change. When tiie molding elemem is finaUy assembled, die metal febric wiU 
generally conform to the molding surface of this element. 

In the molding element 20 shown in Figures 2-4. tiie molding surface is defined 
by the inner surface of the forming port, the imier suifeces of the central recess 34 and 
the faces of the compression disks 44 which are received within the recesses 34. If an 
internal molding section is used, the cylindrical outer surfece of that section may also 
be considered a part of the molding surface of the molding element 20. Accordingly, 
when the molding element 20 is completely assembled the metal fabric will tend to ' 
assume a somewhat " dumbbell --^i^ed configuration, with a relatively narrow center 
section disposed between a pair of bulbous, perhaps even disk-shaped end sections, as 
best seen in Figure 4. 

It should be understood that the specific shape of the particular molding element 

20 shown in Figures 2-4 is mtended to produce one usefiil medical device m 
accordance with the present method, but that otiier molding elements having different 
configurations could also be used. If a more complex shape is desired, the molding 
element may have more parts, but if a simpler sh;q,e is being formed the molding 
element may have even fewer parts. TTie mimber of parts in a given molding element 
and the shq» of those parts will be dictated almost entirely by the sh^ of the 
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desired medical device as the molding element must define a molding surfecc to which 
the metal fabric will generally confonn. 

Accordingly, the specific molding element 20 shown in Figures 2-4 is simply 
intended as one specific example of a suiuble molding clement for forming one 
5 particular useiul medical device. Additional molding elements having different designs 
for producing different medical devices are explained below in connection with, e.g., 
Figures 8 and 10. Dq)ending on the desired shape of the medical device being 
formed, the shape and configuration of other specific molding elements can be readily 
designed by those ordiDaiy. skill.in tfae^art. 

10 Once die molding element 20 is assembled with the metal fabric generally 

conforming to a molding surface of that element, the fabric can be subjected to a heat 
treatment while it remains in contact with that molding surface. Tliis heat treatment 
will depend in laige part upon the material of wfaidi the wire strands of the metal 
fabric are formed, but the time and temperature of the beat treatment should be 

15 selected to sutetandaUy set the fabric in its deformed state, i.e., wherein the wire 

strands are in their reoriented relative configutadon and the fabric generally conforms 
to the molding surface. 

The time and temperamre of the heat treatment can vary greatly depending 
upon the material used in forming die wire strands. As noted above, one preferred 

20 class of materials for forming the wire stands are shape memory alloys, with nitinol, a 
nickel titanium alloy, being {orticulariy preferred* If nitinol is used in making the 
wire strands of the fabric, the wine strands will tend to be very elastic when the metal 
is in its austenitic phase; this very elastic phase is frequently leferred to as a 
"superelastic" or 'pseudoelastic' phase. By heating the nitinol above a certain phase 

25 transition temperature, the crystal structure of the nitinol metal when in its austenitic 
phase can be seL This will tend to *set' the shape of the fabric and the relative 
configuration of the wire strands in the positions in which they are held during the heat 
treatment. 

Suitable heat treatments of nitinol wire to set a desired shape are well known in 
30 the art. Spirally wound nitinol coils, for example, are used in a immber of medical 
applications, such as m fonning the coils conunonly carried around distal lengths of 
guidewires. A wide body of knowledge exists for forming nitinol in such medical 
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devices, so there is no need to go into great detail her^ on the parameters of a heat 
treatment for the nitinol febric prefened for use in the present invention. 

Briefly, though, it has been found that holding a nitinol fabric at about SOO'C 
to about 550-C for a period of about 1 to about 30 minutes, depending on the softness 
or harness of the device to be made, will tend to set the febric in its deformed state, 
i.e. wherein it confomis to the molding surface of the molding dement. At lower ' 
tempeiamies the heat tnatment time will tend to be greater (e.g. about one hour at 
about 350-C) and at higher temperamres the time will tend to be shorter (e.g. about 30 
seconds at about 900'C). TTiese parameters can be varied as necessary to 
accommodate variations in the exaa composition of the nitinol, prior heat treamient of 
the nitinol, the desii«I properties of the nitinol in the finished aiticle. and other factors 
which win be well known to those skilled in this field. 

Instead of relying on convection heating or the like, it is also known in the ait 
^ to apply an electrical current to the nitinol to heat it In the presem invention, this can 
be accomplished by. for example, hooking electrodes to the clamps 15 carried at either 
end of the metal fabric illustmed in Figure 2. The wire can then be heated by 
resistance heating of the wires in order to achieve the desired heat treatment, which 
will tend to eliminate the need to heat the entire molding clemem to the desired heal 
treating tempemmre in order to heat the metal febric to the desired temperamre. 

After the heat treatment, the febric is removed from contaa with Ae molding 
element and will substantiaUy retainits shape in a deformed state. When die molding 
element 20 illustraied in Figmes 2-4 is used, the bolts (not shown) may be removed 
and the various parts of the molding element may be disassembled in essentiany the 
reverse of the process of assembling the molding element. If an imemal molding 

section is used, this molding section can be removed in much die same fashion tto 
IS placed widiin the generally tubular metal febric in assembling the molding element 
20. as detailed above. Figures 5 A and 5B illustrate one embodiment of a medical 
device 60 which may be made using the molding element 20 of Figures 2-4. As 
discussed below, the device of Figure 5 is particulariy weU suited for use in occhiding 
a chamiel within a patient's body and these designs have particular advantages in use 
as vascular occlusion devices. 
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The vascular cxxlusion device 60 of Figure 5A includes a generally tubular 
middle portion 62 and a pair of expanded diameter portions 64. One expanded 
diameter portion is disposed at either end of the gencxally tubular middle portion 62. 
In the embodiment shown in Figures 5 A and 5B, the expanded diameter portions 64 
S include a ridge 66 positioned about midway along their lengths. 

The relative sizes of the mbular middle section and the expanded diameter 
portions can be varied as desired. In .this particular embodiment, the medical device is 
intended to be used as a vascular occlusion device to substantially stop the flow of 
blood through a patient's blood vessel. When the device 60 is dq)loyed within a 

10 patient's blood vessel, as detailed below, it will be positioned within the vessel such 

that its axis generally coincides with the axis of the vessel. The dumbbell-shape of the 
present device is intended to limit the ability of the vascular occlusion device 60 to 
turn at an angle with req^ect to the axis of the blood vessel to ensure thai it remains in 
substantially the same position in which the operator deploys it within the vesseL 

15 Although the iUustxated embodiments of this invention only have two esqpanded 

diameter portions, it should be understood that the device could have more than two 
such expanded diameter portions. For example, if the device has three expanded 
diameter portions, each expanded diameter portion is sq>arated fiom at least one other 
expanded diameter portion by a tubular portion having a smaller diameter. If so 

20 desired, the diameters of each of the expaixted diameter portions can be the same, but 
they need not be the same. 

In order to relatively strongly engage the lumen of the blood vessel, the 
maximum diameter of the expanded diameter portions 64 (which occurs along the 
middle ridge 66 in this embodiment) should be selected so that it is at least as great as 

25 die diameter of the lumen of the vessel in which it is to be dqployed, and is qpdmally 
slightly greater than that diameter. When it is deployed within the patient's vessel, the 
vascular occlusion device 60 will engage the Itmien at two spaced-apart locations. The 
device 60 is desirably longer along its axis than the dimension of its greatest diameter. 
This will substantially prevent ±e vascular occlusion device 60 from turning within the 

30 hxmen at an angle to its axis, essentially preventing Hit device from becoming 
(fislodged and tumbling along the vessel widi blood flowing through the vessel. 
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The relative sizes of the generally tubular middle portion 62 and expanded 
diameter portion 64 of the vascular occlusion device 60 can be varied as desired for 
any particular application. For example, the outer diameter of the nuddle portion 62 
may range between about one quarter and about one third of the maximum diameter of 
the expanded diameter portions 64 and the length of the middle portion 62 may 
comprise about 20 % to-about 50% of die overall length of the device. Although dtese 
dimensions are suitable if the device 60 is to be used solely for occluding a vascular 
vessel, it is to be understood that these dimensions may be varied if the device is to be 
used in other aiq)Iications, sack is where the device is intended to be used simply as a 
vascular filter rather than to substantially occlude the entire vessel or where the device 
is deployed in a different channel in a patient's body. 

The aspect ratio O-c, the ratio of the length of the device over its maximum 
diameter or width) of the device 60 ilhistiated in Figures 5A and 5B is desirably at 
least about 1.0, with a range of about 1.0 to about 3.0 being preferred and an aspea 
ratio of about 2.0 bong paiticulariy preferred. Having a greater a^cct ration will 
tend to prevent the device from rotating generally perpendicularly to its axis, which 
may be referred to as an end over end roll. So long as the outer diameter of the 
e;q3anded diameter portions 64 of Uie device is large enough to seat the device feiriy 
securely against the lumen of the channel in which die device is dq)loyed, the inability 
of die device to mm cod over end will help keep the device dq)loyed precisely where 
it is positioned within die patient's vascular system or in any other channel in the 
patient's body. Alternatively, having expanded diameter portions which have aamral, 
relaxed diameters subaantially larger than the lumen of the vessels in which die device 
is deployed should also suffice to wedge die device into place in die vessel widiout 
undue concern being placed on the aspect ratio of the device. 

The pick and pitch of the metal febric 10 used in forming die device 60, as well 
as some other fzaors such as the number of wires employed in a tubular braid, are 
important in determining a number of die properties of die device. For example, die 
greater die pick and pitch of die fabric, and hence die greater die density of die wire 
strands in die fabric, die stiffer die device will be. Having a greater wire density win 
also provide die device widi a greater wire surface area, which wHI generally «^hanr»» 
die tendency of die device to occlude a blood vessel in which it is deployed- This 
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ihrombogcnicity can be either enhanced, e.g. by a coating of a thrombolytic agent or 
by attaching silk or wool fabric to the device, or abated, e.g. by a coating of a 
lubricious, anti-thrombogenic compound. A variety of materials and techniques for 
enhancing or reducing thrombogenicity are well known in the art and need not be 
detailed here. 

When the device is deployed in a patient's vessel, thrombi will tend to coHea 
on the surface of the wires. By having a greater wire density, the total surface area of 
the wires will be increased, increasing the thrombolytic activity of the device and 
pcxmitting it to relatively i^idily .occlude the vessel in which it is deployed. It is 
believed that forming the occlusion device 60 finom a 4 mm diameter tubular braid 
having a pick of at least about 40 and a pitch of at least about SO*' will provide 
sufficient surface area to substantially completely occlude a blood vessel of 2 mm to 
about 4 mm in inner diameter in a suitable period of time. If it is desired to increase 
the rate at which the device 60 occludes the vessel in which it is deployed, any of a 
wide variety of known timmbolytic agMts can be sqjpUed to the devi 

Figures 6A-6C illustrate an alternative embodiment of a medical device in 
accordance with tiie present invention. This device 80 has a generally bell-shaped 
body 82 and an outwardly extending forward end 84. One application for which this 
device is particularly well suited is occluding defects known in the art as patent ductus 
arteriosus (PDA). FDA is essentially a condition wherein two blood vessels, most 
commonly the aorta and pulmonary artery adjacent the heart, have a shunt between 
their himcns. Blood can flow directly between these two blood vessels through the 
shunt, compr o m ising the normal flow of blood through the patient's vessels. 

As explained more fully below in connection with Hgure 8, the beH-sh^ed 
body 82 is adapted to be dq)loyed within the shunt between the vessels, while the 
forward end 84 is adapted to be positioned within one of the two vessels to he^ seat 
the body in the shimt The sizes of the body 82 and the end 84 can be varied as 
desired for difiexeody sized shunts. For example, the body may have a diameter along 
its generaUy cylindrical middle 86 of about 10 mm and a length along its axis of about 
25 mm. In such a device, the base 88 of the body may flare generally racfialiy 
outward until it reaches an outer diamftter equal to that of the forward end 84, which 
may be on the order of about 20 mm in diameter. 
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The base 88 desirably flares out relatively rapidly to define a shoulder tapering 
radially outwardly from the middle 86 of the body. When the device is deployed in a 
vessel, this shoulder wilJ abut the lumen of one of the vessels being treated. The 
forward end 84 is retained within the vessel and urges the base 88 of the body open to 
ensure that the shoulder engages the waU of the vessel to prevent the device 80 from 
becoming dislodged from within the shunt 

As detafled above, in making a device of the invention it is desirable to attach 
the ends of the wire strands forming the metal fabric 10 to one another to prevent the 
fabric from uraaveling. In the iilustradons of Figures 6A-6C, a clamp 15 is used to tie 
together the ends of the wire stnmds adjac^ the front end 84 of the device. It is to 
be understood that this clamp 15 is simply a schematic iUustiation, though, and that the 
ends could be attached in other ways, such as by welding, soldering, brazing, use of a 
biocompatible cementitious material or in any other suitable fashion. 

TTie rearward ends of the wire strands are shown as being attached to one 
another by an altemative clamping means 90. ITus damp 90 serves the same purpose 
as the schematically illustiated clamp 15. namely to intercomiect the ends of the wires. 
However the clamp 90 also serves to connect the device 80 to a deUvery system (not 
shown). In the embodiment shown, the clamp 90 is generaUy cylindrical in shape and 
has a recess for receiving the ends of the wires to substantially prevent the wires from 
moving relative to one another, and a threaded outer surfece. The threaded outer 
surface is adapted to be received within a cylindrical recess (not shown) on a distal end 
of a delivery device and to engage the threaded imier surface of the delivery device's 
recess. 

TTiedeUvery device (not shown) can take any suitable shape, but desirably ' 
comprises an elongate, flexible metal shaft having such a recess at its distal end. Hie 
delivery device can be used to urge the PDA occlusion device 80 through the lumen of 
a catiieter for deployment in a channel of the patient's body, as outlined below. When 
the device is deployed out the distal end of the catheter, the device will stiU be retained 
by the delivery device. Once tiie proper position of the device 80 in the shunt is 
confirmed, the shaft of the deUvery device can be rotated about its axis to unscrew the 
clamp 90 from ±e recess in the deUvery means. 
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By keeping the PDA device 80 attached to the delivery means, the operator 
could still retract the device for repositioning if it is determined that the device is not 
properly positioned in the first attempt. This threaded attachment will also allow the 
operator to control the manner in which the device 80 is deployed out of the distal end 
5 of the catheter. As explained below, when the device exits the catheter it will tend to 
resiliendy return to a preferred expzndsd shape which is set when the fabric is heat 
treated. When the device brings back into this shape, it may tend to act against ttie 
distal end of the catheter, effectively urging itself forward beyond the end of the 
catheter. This spring action could conceivably result in improper positioning of the 

10 device if the location of the device within a channel is critical, such as where it is 
being positioned in a shunt between two vessels. Since the threaded clamp 90 can 
enable the operator to maintain a hold on the device during deployment, the spnng 
action of the device can be controlled and the operator can control the deployment to 
ensure proper positioning. 

15 A PDA occlusion device 80 of this embodiment of the invention can 

advantageously be made in accordance with the method outlined above, namely 
deforming a metal fabric to g«ierally conform to a molding surface of a molding 
element and heat treating the fabric to substantially sa the fabric in its deformed state. 
Figure 7 shows a molding element 100 which may be suitable for forming a PDA 

20 occlusion device 80 such as that shown in Hgures 6A-6C. 

The molding element 100 generally comprises a body portion 1 10 and an end 
plate 120. The body portion 110 is adapted to receive and form the body 82 of the 
device 80 while the end plate is ad^rted to compress against the metal fabric to form 
the forward end 84, The body portion 110 includes an elongate, generally tutmlar 

25 central segment 112 which u sized to receive the elongate body 82 of the device. The 
central segment 112 of tfie molding element 100 optimally has an internal H«m#fi>r 
slightiy less than the natural, relaxed outer diameter of the tubular braid of whkii tiie 
device is formed. This compression of the braid will help yield devices with 
rcprodudbly sized bodies 82, The forward end of the body portion 110 includes a 

30 back plate 114 which has a generally annular sidewaU 116 rfgy^nHiiig downwardly 
therefrom. The sidewall defiises a recess 118 which is generally circular in shape. 
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The end plate 120 of the molding element 100 has a generally disc-sh^sed fece 
122, which desirably has a clamp poit 124 approximately centered therein for 
receiving a clamp 15 attached to the metal fabric, as noted above. The end plate also 
has an annular sidewall 126 which extends generally upwardly from the face 122 to 
define a generally cylindrical recess 128 in the end plate 120. The sidewaD 116 of the 
body portion 110 is sized fo be received within flie recess 128 of die end plate. 

In use, the metal fabric is placed in the molding element and the body portion 
110 and the end plate 120 are brought toward one another. The inner face of the back 
plate 1 14 will engage the fabric and tend to urge it under compression generally 
radially outwardly. The fabric will then be enclosed generally w ithin the recess 118 of 
the body portion and will generally conform to the inner surface of that recess. If one 
prevents the entire damp 15 firom passing through the clamp port 124, the fabric will 
be spaced slightly away from the inner surface of the face 122, yielding a sUght dome 
shape in the forward end 84 of the device, as illustrated in Figures 6. Although the 
iHustrared embodiment includes such a dome-shaped forward end, it is to be 
understood that the forward end may be subsiantiaUy flat (except for the damp 15), 
which can be accomplished by allowing the clamp to be received entirely within the 
clamp pon 124 in the end plate. 

Once the fabric is compressed in the molding elemem 100 so that it generally 
conforms to the molding surface of the molding element, the fabric can be subjected to 
a heat treatment such as is outlined above. When the molding dement is opened again 
by moving the body portion 110 and the end plate 120 away ftom one another again, 
the fabric will generally retain its deformed, compressed configuration. The device 
can then be collapsed, such as by urging the damps 15. 90 generally axially away 
from one another, which will tend to collapse the device toward its axis. The 
collapsed device 80 can then be passed through a catheter for deployment in a channel 
in a patient's vascular system. 

Figure 8 schematically illustrates how a medical device 80 generally as outlined 
above can be used to occlude a patent ductus arteriosus. In this case, there is a shunt, 
referred to as a PDA above, which extends between a patient's aorta A and the 
pulmonary artery P. The device 80 can be passed through the PDA, such as by 
keeping the device collapsed withm a catheter (not shown), and the forward end 84 of 
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the device can be allowed to elastically expand to substantially recover its thermally 
set, "leraembered" shape from the heat treatment process, such as by urging the device 
distally to extend beyond the distal end of the catheter. This forward end 84 should be 
larger than the lumen of the shunt of the PDA. 
5 The device can then be retracted so that the forward end 84 engages the wall of 

the pulmonary artery P- If one continues to retract the catheter, the engagement of the 
device with the wall of the pulmonary artery will tend to naturally pull the body 
portion 82 of the device from the catheter, which will permit the body portion to 
return to its e;q>anded configuration. The body portion should be sized so that it will 

10 ftictiohally engage the kmen of the PDA's shunt. The device 80 will then be held in 
place by the combination of the friction between the body portion and the lumen of the 
shunt and the engagement between the wall of the pulmonary artery and the forward 
end 84 of the device. Over a relatively short period of time, thrombi will form in and 
on the device 80 and the thrombi will occlude the FDA. If so desired, the device may 

15 be coated with a suitable thrombolytic agent to ^eed up the occlusion of the PDA. 

Figures 9A and 9B are a side view and an end view, respectively, of yet 
another embodiment of the present invention. This device 180 can be used for a 
variety of applications in a patient's blood vessels. For example, if a fabric having a 
relatively high pick (i.e. where the wire density is fairiy great) is used in making the 

20 device, the device can be used to occlude blood vessels. In other applications, it may 
serve as a filter within a channel of a patient*s body, either in a blood vessel or in 
another channel, such as in a urinary tract or biliary duct. In order to further enhance 
or reduce the device's tendency to occlude the vessel, depcndmg on the application of 
the device a suitable known thrombogenic or antithrombogenic coating may be zppHsd 

25 to the device. 

This filter 180 has a generally conical configuration, tapering generally radially 
outwardly from its rearward end 182 to its forward end 184. A length of the device 
adjacent its forward end is adapted to engage the walls of a lumen of a channel The 
maximum diameter of the filter device 180 is therefore at least as large as the inner 

30 diameter of the charmd in which it is to be positioned so that at least tiie fomrard end 
wOl engage the wall of the vessel to substantially lock the device in place. 
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Having a series of unsecured ends 185 of the wire strands adjacent the forward 
end of the device will assist in seating the device in the channel because the ends of 
the wires will tend to dig into the vessel wall slightly as the forward end of the device 
urges itself toward its fully expanded configuration within the vessel. The combination 
5 of the friction between the outwardly urging forward end of the device and the 

tendency of the wire ends to dig into the vessel walls will help ensure that the device 
remains in place where it is deployed rather than floating freely within a vessel to 
reach an undesired location. 

The method in which the device 180 of the invention is deployed may vary 

10 depending on the nature of the physiological condition to be treated. For example, in 
treating an aiterio-venous fistula, the device may be carefiilly positioned, as described 
above, to occlude the flow of blood at a fairly specific location. In treating other 
conditions (e.g. an arterio-venous malformation), however, if may be desired to simply 
release a number of these devices upstream of the malformation in a vessel having a 

15 larger lumen and simply allow the devices to drift fiom the treatment site to lodge in 
smaller vessels downstream. 

The decision as to whether the device 180 should be precisely posirioned at an 
exact location within the chaimel in a patient's body or whether it is more desirable to 
allow the device(s) to float to their final lodging site will depend on the size of the 

20 channels involved and Ac specific condition to be treated. This decision should be left 
to the individual operator to be made on a casc-by-case basis as his or her experience 
dictates; there is no one right or wrong way to deploy the device 180 without regard to 
the conditions at hand. 

In the embodiment shown in Figures 9A and 9B, the wall of the device extends 

25 generally linearly from a position adjacent the clamp 90 and the other end of the 

device, approximating a conical shape. Due to the presence of the clamp 90, though, 
the end of the device immediately adjacent the clamp may deviate slightly from the 
cone shape, as indicated in the drawings. Alternatively, the wall may be curved so 
that the diameter of the device changes more rapidly adjacent the rearward end than it 

30 does adjacent its forward end, having an appearance more like a rotation of a parabola 
about its major axis than a true cone. Ether of these embodiments should suffice in 
occluding a vessel with the device 180, such as to occlude a vessel. 
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The ends of the wire strands at the reaiward end 182 of the device are secured 
with respect to one another, such as by means of a threaded clamp 90 such as that 
described above in connection widi Figures 6A-6C. Portions of the wire strands 
adjacent the forward end 184 may also be secured against relative movement, such as 
by spot welding wires to one another where they cross adjacent the forward end. Such 
a spot weld is schematicsilly illustrated at 186 in Figures 9 A and 9B. 

In the embodiment fflustrated in Figures 9, though, the ends of the wire strands 
adjacent the forward end 184 in the finished device need not be affixed to one another 
in any fashion. ITiesc strands are held in a fixed position during the forming process 
to prevent the metal fabric from unraveling before it is made into a finished device. 
While the ends of the wire strands adjacent the forward end remain fixed relative to 
one another, they can be heat treated, as outlined above. The heat tieatmeat win tend 
to fix the shapes of the wires in their deformed configuration wherem the device 
generally conforms to a molding surface of the molding element. When the device is 
removed from contao with the molding element, the wires will retain their shape and 
tend to remain intertwined. Accordingly, when the device is released fiom contact 
with the molding element, even if the ends of the wires arc released ftom any 
constraint the device should still substantially retain its shape. 

Figures lOA-lOC illustrate three suitable molds for use in forming the filter 180 
of Figures 9A and 9B. In Figure lOA, the molding element 200 is a single piece 
which defines a pair of generally conical portions abutting one another. In another 
similar embodiment (not shown), the molding element 200 may be generally ovoid, 
shaped not unlike an American football or a rugby ball. In the embodimem illustrated 
in Figure lOA, though, the molding element is a little bit less rounded. This molding 
clement comprises two conical segments 202 which abut one another at their bases, 
defining a larger diameter at the middle 204 of the element which can taper relatively 
uniformly toward the ends 206 of the element 200. 

When the a tubular braid is used in forming this device, the tubular metal fabric 
may be ^lied to the molding element by placing the molding element withm the 
tubular braid and danqang die ends of the braid about the molding element before 
cutting the braid to the desired length. In order to better facilitate the attachment of 
the clamps 90 to the ends of the mbular braid, the ends 206 of the molding element 
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may be rounded, as shown, rather than tapering to a sharper point at the cods of the 
molding element. In order to ensure that the braid more closely conforms to the outer 
surface of the molding element 200, i.e. the molding element's molding surface, the 
natural, relaxed diameter of the braid should be less than the maximum diameter of the 
element, which occun at its middle 204. TTiis wiU place the metal febric in tension 
about the middle of the element and, in combination with the clamps at the ends of the 
braid, cause the braid to generally conform to the molding surface. 

Figure IGB illustrates an alternative molding element 210 for forming a device 
substantially as shown in Figures 9A and 9B. Whereas 4he molding element 200 is 
intended to be received within a recess in the metal fabric, such as within the lumen of 
a length of tubular braid, the molding element 210 has an internal cavity 212 adapted 
to receive the fabric. In this embodiment, the molding element may comprise a pair of 
molding sections 214, 216 and these mold sections may be substantiaUy identical in 
shape. Each of the molding sections 214. 216 generally comprise a conical inner 
surface 220 defined by a waU 222. Each section also may be provided widi a 
generally cylindrical axial recess 224 for receiving a clamp 15 (or 90) canisd by an 
end of the metal fabric. 

The two molding sections should be readUy attached to one another with the 
laiser, open ends 226 of die sections abutting one another. The mold sections can 
simply be clamped together, such as by providing a reusable jig (not shown) which can 
be used to propetiy position the sections 214, 216 with nspea to one anodier. If so 
desired, bolt holes 228 or the like may be provided to allow a nut and bolt, or any 
similar attachment system, to be passed through the holes and attach the sections 214, 
216 togtther. 

In use, a suitably sized piece of a metal fabric, optimally a length of a mbular 
braid, is placed in the recess 212 of the molding element and the two mokfing sections 
214, 216 are urged toward one another. The fabric should have a relaxed axial length 
longer than the axial length of the recess 212 so that bringing the sections towanl one 
another win axiaUy compress the fabric. TTiis axial compression will tend to urge the 
wire strands of the braid radially outwardly away from the axis of the braid and 
toward engagement with the molding surface of the element 210, which is defined by 
the surface of the recess 212. 
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Once the metal fabric is defonned to generaUy conform to the molding surface 
of either molding element 200 or 210, the fabric can be heat treated to substantially set 
the shape of the fabric in its deformed state. If molding element 200 is used, it can 
then be removed from the interior of the metal fabric. If there is sufficient room 
between the resilient wire strands, the molding element can simply be removed by 
opening the web of wire strands and pulling the molding element out of the interior of 
the metal fabric. If molding element 210 is employed, the two molding sections 214, 
216 can be moved away from one another and the molded fabric can be retrieved from 
the recess 212. Dqjending on the shape of the molding surface, the resulting fonned 
shape may resemble either a pair of abutting hollow cones or, as noted above, a 
football, with clamps, welds or the like provided at either end of the shape. 

This shape can then be cut into two halves by cutting the wires m a direction 
gcneraUy perpendicular to the shared axis of the cones (or the major axis of the ovoid 
sbzpc) at a location about midway along its length. This will produce two separate 
filter devices 180 substantially as illustrated in Figures 9 A and 9B. If the wires 
strands are to be joined adjacent the forward end of the device (such as by the 
weldments shown as 186 in Figures 9A and 9B), this can be done before the conical or 
ovoid sh^ is severed into two halves. Much the same net shape could be 
accomplished by cutting the metal febric into halves while it is still carried about 
molding element 200. The sqjaraic halves having the desired shape could then be 
pulled apart from one another, leaving the molding clement ready for forming 
additional devices. 

In an alternative embodiment of this method, the molding dement 200 is 
formed of a material selected to permit the molding element to be destroyed for 
removal from the interior of the metal febric. For example, the mokfing element may 
be formed of a brittle or friable material, such as glass. Once the material has been 
heat treated in contact with the molding surface of the molding element, the molding 
element can be broken into smaller pieces which can be readily removed from within 
the metal febric. If this material is glass, for example, the molding element and the 
metal fabric can be struck against a hard surface, causing the gl ^ss to shatter. The 
glass shards can then be removed from the enclosure of the metal fabric. The resultant 
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shape can be used in its generally conical shape, or it can be cut into two separate 
halves to produce a device substantially as shown in Figures 9 A and 9B. 

Alternatively, the molding element 200 can be formed of a material which can 
be chemically dissolved, or otherwise broken down, by a chemical agent which will 
not substantially adversely affect the properties of the metal wire strands. For 
example, the molding element can be formed of a temperature-resistant plastic resin 
which is capable of being dissolved with a suitable organic solvent The fabric and the 
molding element can be subjected to a heat treatment to substantially set the shape of 
the fabric in conformance with the surface of the molding element, wheret^n the 
molding element and the metal fabric can be immersed in the solvent Once the 
molding dement is substantially dissolved, the metal fabric can be removed and either 
used in its current shape or cut into separate halves, as outlined above. 

Care should be taken to ensure that the material selected to fomi the molding 
element is capable of withstanding the heat treatment without losing its shape, at least 
until the shape of the fabric has been set. For example, the molding element could be 
formed of a material having a melting point above the t^perature necessary to set the 
shape of the wire strands, but below the melting point of the metal forming the 
strands. The moldmg element and metal fabric can then be heat treated to set the 
shape of the metal fabric, whereupon the temperamre can be increased to substantially 
completely melt the molding dement, thereby removing the molding element from 
within the metal fiibric. 

It should be understood that the methods outlined immediately above for 
removing the metal fabric 10 from die molding dement 200 can be used in connection 
with other shapes, as weU. Although these methods may not be necessary or desirable 
if the molding dement is cairied about the exterior of the metal fabric (such as are 
elements 30-40 of the molding dement 20 of Figures 2-4), if the molding dement or 
some portion thereof is endosed within the formed metal fabric (such as the internal 
molding section of the molding element 20), these methods can be used to effectively 
remove the molding dement without adversely affecting the medical device being 
formed. 

Figure IOC illustrates yet another molding element 230 which can be used in 
forming a medical device such as that illustrated in Figures 9A and 9B. This molding 
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compn«5ed between two coacting pans of the molding element to deform the fabric 
such as between the two sections 232. 236 of molding element 230 in Figure IOC ' 
Any one or more of these techniques may be used in achieving a finished product 
having a desired shape. 

Figures 11 and 12 illustrate alternative embodiments of yet another medical 
device in accordance with this invention. Both Figure 11 and Figure 12 iUustrate a 
vascular trap suitable for use in temporarily filtering embolic particles from blood 
passmg through a patient's vascular system. Such a device wfll most frequently be 
used to filter emboli ftom a patient's blood when another medical procedure is being 
performed, such as by using the trap in conjunction with a rotating cutting blade 
dur^g an atherectomy or with a balloon catheter during angioplasty. It is to be 
understood, though, that the trap could also be used in other similar appKcadons such 
as m channels in patients' bodies other than their vascular systems. 

In the embodiment of Hgures llA and IIB, the vascular trap 250 comprises a 
generally umbrella-sh^ basket 270 carried adjacent a distal end of a guidewire 260 
TT^e guidewire in this embodiment includes a tiered distal section 262 with a soiraDy 
wound coil 264 extending along a distal length of the wire. Guidewires having'such a 
Astal end are conventional in the art. THe basket 270 is positioned generaUy distally 
of the con 264. and is desirably attached to the guidewire proximally of die proximal 
end of the tapered section, as shown. 

nie basket 270 (shown in its collapsed configuration in Figure llA) includes a 
distal band 272 and a proximal band 274. TTie distal band may be made of a 
nuliopaque material, such as gold, platimim or tungsten, and is affixed direcdy to the 
shaftoftheg„idewire260. ™* attachment may be made by any suitable means, such 
as by welding, brazing or soldering. Alternatively, the distal band 272 may comprise 
a bead of a biocompatible cementitious material, such as a curable organic resin If it 
" desued to increase the visibiHty of the band for fluoroscopic observation a 
radiopaque metal or the like can be imbedded in the cementitious material ' IHe 
proximal band 274 may be formed of a hypombe sized to permit the tube to slide along 
the guidewire during deployment. ITus hypotube may be made of a metallic material- 
a thin-waned tube of a Nin alloy should suffice. If so desired, the proximal band 
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may be fonned of a more radiopaque metal, or a NiTi alloy band can have a 
radiopaque coating applied to its surface. 

The body of the device is formed of a metal fabric, as explained above. The 
metal fabric of this embodiment is optimally initially formed as a tubular braid and the 
ends of the wires forming the braid can be attached together by means of the bands 
272, 274 before the fabric is cut to length. Much like the clamps 15, 90 noted above, 
these bands 272, 274 will help prevent the metal fabric from unravelling during the 
forming process. (The method of forming the basket 270 is described below in 
connection with Rgure 16.) 

When the device is in its collapsed state for dq)toyment in a patient's vessel (as 
illustrated in Figure llA), the basket 270 will be collapsed toward the axis of the 
guidewire 260. The distal 272 and proximal 274 bands are spaced away from one 
another along the length of the guidewire, with the febric of the device extending 
therebetween. In a preferred embodnnent, when the bask^ is in its coU^sed state it 
will engage the outer surface of the guidewire to permit the device to be deployed 
through a relatively small lumen of a catheter or another medical device. 

When the device is deployed in a jwdent's vascular system, the basket will take 
on an expanded configuration wherein it Extends outwardly of the outer surface of the 
guidewire. As best seen in Figure UB, the shape of the basket 270 when dq)loyed 
may generally resemble a conventional umbrella or parachute, having a dome-like 
structure curving radially outwartfly from the guidewire moving proximaHy from the 
distal band 272. It is to be understood that other suitable sbspe& could easily perform 
the desired filtering function, such as a conical shape wherein the slope of the device 
changes more linearly than the smooth, rounded version shown in Hgure IIB. It is 
also believed that a relatively flat, disc sbspt would also suffice. In this e3q>anded 
configuration, the two bands 272, 274 are closer together, with the distal band 272 
optimally being spaced only a short distance from the proximal band 274, as 
illustrated. 

In moving from its collapsed state (Figure 11 A) to its expanded state (Rgure 
IIB), the metal fabric turns in on itself, with a proximal portion 282 of the colbpsed 
basket being received within the interior of a distal portion 284 of the coUa^wed basket 
This produces a two-layered structure having a proximal lip 286 spaced radially 
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outwardly of the guidewire, defining a proximally-facing cup-shaped cavity 288 of the 
basket. When blood (or any other fluid) flows through the basket in a distal direction, 
any particulate matter in the blood, e.g. emboli released into the bloodstream during 
atherectomy or angioplasty procedures, will tend to be trapped in the cavity 288 of the 
basket 

The precise dimensions of the metal fabric can be varied as desired for various 
applications. If the device 250 is to be used as a vascular filter to trap emboli released 
into the blood, for example, the pores (i.e, the openings between the crossing metal 
strands) of the fabric are desirably on the order of about 1.0 mm. This is generally 
deemed to be the minimum size of any particles which are likely to cause any adverse 
side effects if they are allowed to float freely within a blood vessel. One would not 
want to make the pores too small, though, because the blood (or other fluid) shouki be 
free to pass through the wall of the basket 270. If so desired, the basket may be 
coated with a suitable anti-thrombogenic coating to prevent the basket from occluding a 
blood vessel in which it is dq}Ioyed. 

When a febric having 1.0 mm pores is used to form the basket 270 of this 
embodiment of the invention, the forming process will reorient the wires relative to 
one another and in some areas (e.g. adjacent the proximal lip 286) the poT« will be 
larger than I.O mm. However, because the basket's walls are formed of essentially 
two thicknesses 282, 284 of the fabric, the effective pore size of the device may be 
significantly reduced even at these locations. 

The device 250 may also be provided with tethers 290 for collapsing die bask^ 
270 during retraction. The basket may include four indqsendent t^er wires, f ^d i of 
which extends proximally from the proximal 1^ 286 of the deployed baskeL In a 
preferred embodiment, though, the four tether wines illustrated in the drawings are 
actually formed of two longer wires, with each wire extending peripherally about a 
portion of the proximal lip of the basket These tether wires may be intertwined with 
the wires of the metal fabric to keep the tethers in place during use. When the tcdxers 
arc retracted or drawn down toward the guidcwirc, the wires extending along the 
proximal ]ip of the basket will tend to act as drawstrings, drawing the proximal cod of 
the basket radially inwardly toward the guidewirc. This will tend to close the basket 
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and entrap any material caught in the cavity 288 of the basket during use so that the 
basket can be retracted, as detailed below. 

The tether wires 290 may extend along much of the length of the guidewirc so 
that they wiD extend outside the patient's body during use of the device 250. When it 
5 is desired to collapse the basket for retrieval, the operator can simply hold the 

guidewirc 260 steady and retract the tethers with respect to the guidewirc. This can 
tend to be relatively cumbersome, though, and may be too difficult to effectively 
accomplish without breaking the tethers if the device is deployed at a selective site 
reached by a tortuous path, such as in the brain. 

10 Accordingly, in the preferred embodiment shown in Kgures 11 A and IIB, the 

tethers 290 arc attached to the guidewirc 260 at a position spaced proximally of the 
basket The tcthcn may, for example, be attached to a metal strap 292 or the like and 
this strap 292 may be affixed to the shaft of the guidewirc. When it is desired to close 
the proximal end of the basket for retraction, an external catheter (not shown) can be 

15 urged distally toward the basket 270. When the cath^er encounters the radially 

extending tethen, the distal end of the catheter will tend to draw the tethers toward the 
guidewirc as the cathoer is advanced, which will, in turn, tend to draw the proximal 
end of the basket closed 

Figures 12A and 12B illustrate an alternative embodiment of the device shown 

20 in Figures llA and IIB, with Figure 12A showing the device collapsed in a catheter C 
for deployment and Figure 12B showing the device in its deployed configuration. In 
the embodiment shown in Figures 12A and 12B, the basket 270 is formed substantially 
the same as outlined above in connection with Figures 11 A and IIB. In the 
embodiment of Egures 12, though, the distal band 272 is affixed to the guidewire 260' 

25 at the distal tip of the guidewirc. The guidewire 260' is of the type referred to in the 
ait as a "movable core" guidewire. In such guidcwires, a core wire 265 is received 
within the lumen of a helically wound wire coil 266 and the core wire 265 extends 
distally beyond the distal end of the coil 266. A thin, elongate safety wire 268 may 
extend along the entire himen of the coil 266 and the distal end of the safety wire may 

30 be attached to the distal end of the coil to prevent loss of a segmwit of the coil if the 
coil should break. 
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In the embodiment of Figures 11, the proximal ends of the tethers 290 arc 
attached to a metal strap 292 which is itself attached the shaft of the guidewire 260. In 
the present embodiment, the tethere are not attached to the core wire 265 itself. 
Instead, the tethers are attached to the coil 266 of the guidewire. The tethers inay be 
attached to the coil by any suitable means, such as by means of laser spot welding, 
soldering or biazing. The tethers 290 may be attached to the coU 266 at viituaHy as 
spot along the length of the coH. As illustrated in these drawings, for example, the 
tethers may be attached to the coil adjacent the coil's distal end. However, if so 
desired the tethen may be attached to the cofl at a location space more pioximaUy 
firom the basket 270. 

An external catheter such as that referred to in the discussion of Figures 1 1 A, 
but not shown in those drawings, is illustrated in Figures 12A and 12B. Once the • 
basket 270 is deployed in a patient's vessel to substantially reach the expanded 
configuration shown in Figure 12B and the basket has performed its intended ffltiation 
ftmction, the external catheter C can be urged distally toward the basket 270. As this 
catheter is urged forward, the tethers wiU tend to be drawn into the distal end of the 
catheter, which is substantially narrower than the proximal lip 286 of the basket. This 
will tend to draw the tethers down toward the guidewire and help close the basket, as 
explained above. 

Figures 13-15 illustrate yet another alternative embodiment of a vascular nap in 
accordance with the present invention. This vascular trap 300 includes a basket 320 
received over a guidewire 310. In most respects, the basket 320 is directly analogous 
to the basket 270 illustrated in Figures 1 1-12. The basket 320 inchides a piTJximal 
band 322 and a distal band 324. As in the embodimem of Figures 12A and 12B, the 
distal band may be attached to the guidewire adjacent its distal end. If so desired, 
though, a structure such as is shown in Figures 11, whercm the guidewire extends 
distally beyond the basket, could instead be used. 

As best seen in its collapsed state (shown in Figure 12A), the basket mdudes a 
distal segment 325 and a proximal segment 326, with the distal end of the distal 
segment being attached to the distal band 324 and the proximal end of the proximal 
segmem being attached to the proximal band 322. When the basket 320 is in it 
expanded configuration (shown in Figure 12B), the proximal segment 326 is received 
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within the distal segment 325, defining a proximal Up 328 at the proximaJ edge of the 
device. The wall of the basket thus fonned also includes a cavity 329 for trapping 
solids entrained in a fluid, such as emboU in a patient's blood stream. 

Tht basket 320 of Figures 13-15 is also shaped a Uttle bit differcnUy than the 
basket 270 of the previous drawings. ITie primary difference between these two 
baskets is that the basket 320 is a Uttle bit sboner along its axis that is the basket 270. 
This different basket shape is simply intended to illustrate that the basket of a vascular 
trap in accordance with the inventioo can have any of a wide variety of shapes and no 
particular significance should be attached to the sUghdy different shapes shown in the 
various drawings. 

In the vascular traps 250 and 250' of Figures 11 and 12, respectively, tethers 
were used to draw down the proximal end of the basket 270 to close the basket for 
retraction. In the embodiment shown in Figures 13-15, though, the trap 300 includes a 
basket cover 340 positioned proximalJy of the basket 320. The basket cover may also 
be formed of a melalUc tubular braid and is also adapted to be collapsed to lay 
generaUy along the outer surface of the guidewire 310. The cover 340 is not directly 
affixed to the guidewire at any point, though, but is instead intended to be sUdable 
along the guidewire. As best seen in Figures 13 and 14 wherein the cover is in its 
coU^sed state, the cover 340 includes a distal hypotube 342 and a proximal control 
hypombe 344, with the distal hypotube being attached to the distal end of the cover 
340 and the proximal control hypotube 344 being attached to the proximal end of the 
cover. 

TTie cover 340 is shown in its dqjloyed, expanded configuration in Figure 15. 
As shown in that figure, the cover has a similar structure to that of the basket 320, but 
is oriented to be open distaUy rather that proximally, as is the basket. As best seen in 
Figures 13 and 14 wherein the cover is in its collapsed state, the cover has a distal 
segment 352 and a proximal segment 354. When the cover is dq)loyed by urging it 
distally out of the distal end of the dq)loyment catheter C. the cover 340 will tend to 
resiUently return to its expznded configuration and the distal hypombe 342 will slide 
axially proximally along the guidewire toward the proximal control hypotube 344. 
This will invert the collapsed cover so that the distal section 352 is generaUy received 
within the pro.ximal section 354, defining a distal Up 358 of the cover. 
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The proximal control hypotube 344 may extend along a substantial portion of 
the length of the catheter 310 so that it extends out of the patient's body when the 
device 300 is in place. By grasping the control hypotube and moving it relative to the 
guidewire 310, an operator can control the position of the cover 340 with respect to 
the basket 320, which is affixed to the guidewires. As explained in more detail below 
in connection with the use of the device 300, once the basket has been deployed and 
has been used to filter objects entrained in the fluid (e.g. emboH in blood), the cover 
340 may be deployed and the trap may be drawn proximally toward the cover by 
moving the guidewire proximally with respect to the control hypotube 344. 

The inner diameter of the distal lip 358 of the cover is desirably slighdy larger 
than the outer diameter of the proximal Hp 328 of die basket. Hence, when the basket 
is drawn proximally toward the cover it will be substantiaUy enclosed therein. The 
cover will therefore tend to trap any emboU (not shown) or other particulate matter 
retained within the cavity 330 of the basket. A retrieval sheath S may dien be urged 
distally to engage the outer suifece of the cover 340. This wiU tend to cause the cover 
to collapse about the basket, tightly engaging the outer surfece of the basket This 
somewhat collapsed structure can then be withdrawn from the patient's channel and 
removed from the patient's body. By enclosing the basket within the cover, the 
likelihood of any filtered debris within the basket being lost as the basket is retrieved 
will be substantially eliminated. 

The guidewire and the metal fabric can be of any diameter suitable for the 
intended appUcation of the vascular trap 250, 250' or 300. In a preferred embodiment, 
the guidewire is between about 0.014" and about 0.038" in diameter and the wires of 
the metal febric used to form the basket (and the cover 340. if a cover is included) are 
between about 0.002" and about 0.006". Tlie thickness of the metal bands (272, 274 
or 322, 324) also is desirably in the range of about 0.002"-O.OO6". 

In one paiticulaiiy preferred embodiment intended to be used in narrower 
vesseU such as those encountered in cerebral and coronary ^Kcations, the guidewire 
has an outer diameter of about 0.014" and the wires of the metal febric arc about 
0.002" in diameter. TTie metal bands in this embodiment may also have a thickness of 
about 0.002" so that they will not be substantiaUy wider than the collapsed basket 
When the device is collapsed for deployment through a catheter, it wifl have an outer 
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diameter of about 0.018", permitting the device to be used with catheters and other 
instruments adapted for use with a 0.018" guidewire. 

Figure 16 illustrares one embodiment of a molding element 370 which may be 
used in making a basket 270. Although the basket 320 and cover 340 of the trap 300 
are shaped somewhat differently, an analogous molding element can be used for these 
portions of the tr^ 300 as weU by simply modifying some of the dimensions of the 
molding element 370,. but-retaining the shape and stnicture-of the molding 
element. It also should be understood that the molding element 370 is merely one 
possible molding element for forming a shape such as that of the basket 270 and that 
any one of a variety of different molding elements will be apparent to those skilled in 
the ait, as noted above in connection with Figures lOA-C. 

The molding element 370 has an outer molding section 372 defining a curved 
inner surface 374 and an inner molding section 376 having an outer surface 378 
substantially the same shape as the curved inner surface 374 of the outer molding 
section. The inner molding section 376 should be sized to be received within the outer 
molding section, with a piece of the metal fabric (not shown) being disposed between 
the inner and outer molding sections. In a preferred embodiment, the inner surface 
374 of the outer molding element and the outer surface 378 of the inner molding 
section each include a recess (375 and 379, respectively) for receiving an end of the 
braid. The molding surface of this molding element 370, to which the fabric will 
generally conform, can be considened to include botii the inner surface 374 of the outer 
molding section and the outer surface 378 of the inner molding section. 

In use, the two molding sections 372. 376 are spaced apart from one another 
and a length of a mbular braid of metal fabric (not shown in Figure 16) is disposed 
between these molding sections. Optimally, one end of the fabric is placed m the 
recess 375 of the outer molding section and the other end of the fabric is placed in the 
recess 379 in the inner molding section. TTie inner and outer molding sections can 
then be urged generally toward one another. As the ends of the wire approach one 
another, the mbular braid will tend to invert upon itself and a surface of the mbular 
braid will generaUy conform to either the inner surface 374 of the outer molding 
section or the outer surface 378 of the inner molding section, arriving at a shqje 
analogous to that of the basket 270 of the traps 250, 250'. The two molding sections 
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can them be locked in place with respect to one another and the metal fabric may be 
heat treated to set the wires in this deformed configuration. 

The method in accordance with the present invention further includes a method 
of treating a physiological condition of a patient. In accoidance with this method, a 
medical device suitable for treating the condition, which may be substantially in 
accordance with one of the embodiments outlined above, is selected. For example, if 
a patent ductus arteriosus is to be treated, the PDA occlusion device 80 of Figures 6A- 
6C can be selected. Once the appropriate medical device is selected, a catheter may 
be positioned within a channel in patient's body to place the distal end of the catheter 
adjacent the desired treatment site, such as immediately adjacent (or even within) the 
shunt of the PDA. 

Medical devices made in accordance with the method of the invention outlined 
above have a preset expanded configuratioQ and a collapsed configuration which allows 
the device to be passed through a catheter. The expanded configuration is gcneraUy 
defined by the shape of the medical fabric when it is deformed to gcncraHy conform to 
the molding surface of the molding element. Heat treating the metal febric 
substantially sets the shapes of tht wire strands in the reoriented relative positions 
when the fabric confonns to the molding surface. When the metal fabric is then 
removed from tiie molding element, the fiibric may define a medical device in its 
preset expanded configuration. 

The medical device can be collapsed into its colt5>sed configuration and 
inserted into the kmen of the catiwer. The collapsed configuiation of tiie device may 
be of any shape suitable for easy passage through the lumen of a catheter and proper 
deployment out die distal end of die catheter. For example, die devices shown in 
Figures 5 may have a relatively elongated collapsed configuration wherein die devices 
are stretched along dieir axes. TTiis collapsed configuiation can be achieved simply by 
stretching die device generally along its axis, e.g. by manually giasping the clamps 15 
and pulling diem apart, which wiU tend to coU^se die expanded diameter portions 64 
of die device 60 inwardly toward die device's axis. TTie PDA occlusion device 80 of 
Figures 6 also operates in much die same fashion and can be collapsed into its 
collapsed configuration for insertion into die cadieter by applying tension generally 
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along the axis of the device. In this regard, these devices 60 and 80 are not unlike 
"Chinese handcuffs", which tend to constria in diameter under axial tension. 

Once the medical device is collapsed and inserted into the catheter, it may be 
urged along the lumen of the catheter toward the distal end of the catheter. This may 
be accompUshed by using a guidewire or the like to abut against the device and urge it 
along the catheter. When the device begins to exit the distal end of the catheter, which 
is positioned adjacent the desired treatment site, it wiU tend to resiliently lemm 
substantiaUy entirely to its preset e:q)anded configuratioa. Superelastic alloys, such as 
nitinol, are paiticulariy useful in this appUcation because of their ability to readily 
return to a particular configuration after being elastically deformed to a great extent. 
Hence, simply, urging the medical device out of the distal end of the catheter tend to 
properly deploy the device at the treatment site. 

Although the device will tend to resiUently return to its initial expanded 
configuiation fi-e. its shape piior to being collapsed for passage thiough the catheter), 
it should be understood that U may not always return entirely to that shape For 
example, the device 60 of Figure 5 is intended to have a maximum outer diameter in 
its expanded configuration at least as large as and preferably larger than, the inner 
diameter of the lumen in which it is to be deployed. If such a device is deployed in a 
vessel having a small lumen, the lumen wiU prevent the device from completely 
returning to its expanded configuration. Nonetheless, the device would be properly 
deployed because it would engage the inner wall of the hmien to seat the device 
therein, as detailed above. 

If the device is to be used to pennanemly occlude a channel in the patient's 
body, such as the devices 60 and 80 described above may be, one can simply retract 
the catheter and remove it from the patient's body. This will leave the medical device 
dqjloyed in the patient's vascular system so that it may occlude the blood vessel or 
other channel in the patient's body. In some circumstances, the medical device may be 
attached to a deUvery system in such a manner as to secure the device to the end of the 
delivery means, such as when the threaded clamp 90 shown in Figures 6 and 9 are 
attached to a distal end of the deUveiy means, as explained above. Before lemoving 
the catheter in such a system, it may be necessary to detach the medical device from 
the delivery means before removing the catheter and the delivery means. 
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The device of Figures 11-15 may be deployed in much the same fashion 
outlined above. However, these devices 250, 250' and 300 are advantageously 
deployed for use in conjunction with another medical device and will most frequently 
be retracted fix)ra the patient's body after use. 

For example, any one of these devices are suitable for use in conjunction with a 
balloon angioplasty procedure. In such procedures, catheters having inflatable balloons 
at their ends, refcncd to as balloon catheten, are positioned within a blood vessel so 
that the balloon is positioned within a stenosis. These baUoons are positioned by 
tracking the balloon catheter along a guidewire or the like; the balloons typicaUy have 
a central bore therethrough. Once the balloon is properly positioned, it is inflated and 
urges radially outwardly against the stenosis. : This wiU tend to squeeze the stenosis 
against the walls of the vessel, improving patency of the vessel. 

When the stenosis is treated in tiiis fashion, though, there is a risk that some 
debris wiD break free and enter tfie blood flowing through the vessel. If left 
unchecked, this embolus can drift downstream and embolize a distal portion of the 
vessel. Depending on where die embolus comes to rest, the embolization can result in 
significant tissue or organ damage. This risk is particularly acute in cardiac and 
coronary appUcations because die embolization can result in a myocardial infarction or 
heart attack, and in neurovascular and interventional radiological procedures the 
embolization can lead to a stroke or damage to brain tissue. 

In order to prevent, or a: least substantially limit, such embolization, a. vascular 
trap 250. 250' or 300 of the invention can be used with die balloon catheter. Hie 

device should be sized to permit it to be passed through the lumen of the particular 
balloon catheter to be used in the angioplasty. 

In one embodiment of a method for using such a vascular trap, the trap is 
deployedfirst. Hie basket (270 or 320) of die trap will be guided to a position located 
downstream of the desired treatment site through an introduction cadieter (e.g. die 
catheter C in Figures 12-15). The basket is then urged distaUy beyond die end of die 
cadieter, which wiU permit die basket to resilientiy substantially return to its expanded 
configuration from its collapsed configuration widiin die cadieter. Once die trap is in 
place, die balloon cadieter can be exchanged for die introduction cadieter, and the 
balloon cadieter can ttack die guidewire (260 or 310) of die vascular trap. TTie 
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balloon can then be pSTitioned within the stenosis and expanded, as outlined above. 
Once the angioplasty has been completed, the balloon can be deHated again and 
withdrawn proximally out of the patient. 

In an alternative embodiment of the present method, the balloon catheter can be 
used to perform the same function as pcrfonned by the intixxiuction catheter in the 
preceding embodiment. In this embodiment, the balloon catheter is positioned in the 
patient's vessel so thai the distal end of the baUoon catheter is located downstream of 
the stenosis. ITie vascular trap (250. 250* or 300) of the invention is then passed 
through the lumen of the baUoon catheter and the basket is urged out of the distal end 
of the catheter. The basket will resiliently substantially return to its preferred 
expanded configuration, whereupon.the banoon catheter can be retracted along the 
shaft of the device's guidewire until the balloon is properly positioned within the 
stenosis. 

If so desired, the balloon catheter can instead be provided with a length of 
standard catheter extending distally beyond the distal end of the balloon. The baUoon 
can then be positioned within the stenosis and the basket can be urged out of the distal 
end of the distal extension of the catheter. In such an embodiment, the length of the 
distal extension of the batheter should be sufficiem to properly position the basket with . 
respea to the balloon when ±e basket exits the distal end of the catheter. This wiU 
eliminate the need to perforin the separate step of retracting the balloon into 
within the stenosis after the basket is dq)loyed. The balloon can then be expanded, 
deflated and withdrawn as described above. 

Much the same procedure can be used to dq)Ioy a vascular trap of the invention 
for use in an atherectomy procedure. In such procedures, a cutting head is positioned 
at the distal end of an elongate, hollow shaft and the cutting head has a bore extending 
therethrough. The trap can be deployed in cither of the methods outlined above, but it 
is anticqated that in most instances the first procedure will be used. i.e. the basket will 
be deployed with an introduction catheter, which will be removed so that the cutting 
device can be guided over the guidewire of the vascular trap. It should also be 
understood that the device 250, 250' and 300 could also be used in other medical 
procedures in other bodily channels besides a patient's vascular system. 
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Since the trap is positioned downstream of the stenosis, any debris released 
during the procedure will tend to drift distaUy toward the basket and be caught therein. 
In order to prevent any emboU from simply floating past the trap, ii is preferred that 
the proximal lip (288 or 328) of the basket be at least as lai^e as the lumen of the 
vessel. In a preferred embodiment, the natural dimension of the proximal lip (i.e. 
where die basket has fully returned to its expanded configuration) is somewhat greater 
than the vessel's inner diameter so that the basket wiU firmly engage the waU of the 
vessel. 

The method of retracting the basket wiU depend on which embodiment of the 
vascular trap is used, namely whether or not the device includes a cover 340. The 
device 250 or 250* of Figures 11 or 12. respectively, do not include such a cover. 
However, they do include tethers 290 which extend proximally from the proximal lip 
288 of the basket to an attachmem to the guidewire. In either of these embodiments, a 
retrieval catheter can be bntroduced over the guidcwirc and urged distally toward the 
basket As explained above in connection with Figures 11 and 12, this will tend to 
draw the tethers down toward the guidewiie, effectively closing the proximal end of 
the basket 270. Once the basket is sufficiently closed, such as when the proximal Up 
of the basket engages the distal tip of the retrieval catheter, the catheter and the 
vascular trap can be retracted together from the patient's body. By substantiaUy 
closing the proximal end of the basket in such a fashion, any emboU which are 
captured in the basket when it is deployed can be retained within the basket until it is 
removed from the patient's body. 

If so desired, a balloon catheter or like device can instead be used, with the 
balloon catheter being used to draw down the tethers 290 and collapse the basket. The 
vascular trap can tiiii be withdrawn with the balloon catheter rather than having to 
separately introduce a removal catheter to remove the trap. 

In withdrawing the embodiment illustrated in Kgures 13-15, the cover 340 is 
positioned over the proximal 1^ of the basket before the vascular trap 300 is retracted. 
Once the medical procedure is completed and any debris has been captured in the 
basket, the cover 340 is allowed to resiliently substantially return to its cjqanded 
configuration. Once it is deployed proximaUy of the basket, the basket 320 can be 




drawn proximally toward the cover 340 until it engages or is received within the 
cover, as noted above in connection with Figure 15. 

In actuality, the cover 340 may be unable to remni to its fiiU expanded 
configuration due to the confines of the vessel in which it is deployed. As explained 
previously, the cover 340 is desirably larger than the basket 320 so that the basket can 
be received within the cover. However, the basket is optimally sired to engage the 
walls of the vessel to prevent the unwanted passage of emboli or other debris around 
the edges of the basket. Accordingly, the distal lip 358 of the cover will engage the 
wall of the channel before it expands to its full size. The walls of most bodily 
channels, such as blood vessels, tend to be somewhat elastic, though. The cover 340 
will therefore tend to urge harder against the wall of the vessel than the smafler basket 
and may stretch the vessel a little bit more than will the basket. In this fashion, die 
cover may still be able to expand to a dimension large enough to permit the basket to 
be received in the cavity 356 of the cover. If not, the distal lip 358 of the cover can 
simply be brought into close engagement with the proximal lip 328 of the basket to 
generally seal the basket 

Once the cover 340 is brought into engagement with the basket 320, whedier by 
receiving the basket within the cover or, less preferably, by engaging the Hps 358, 328 
of the cover and die basket, the device can be withdrawn proximafly from the patient's 
vascular system. The cover will tend to prevent any emboli caught in the 
during deployment from being inadvertendy lost during withdrawal. 

The vascular tn^s 250, 250* and 300 of the present invendon therefore have 
distinct advantages over other vascular traps or filters" cunently known in the arL As 
explained above, most prior art traps are difficult and expeosv/c to form and cannot be 
readily collapsed for retrieval. The present invention, though, provides a mediod for 
making the vascular traps 250. 250* and 300 which is both relatively in«q)ensive and 
less labor intensive, generally resulting in a more consistent product than prior art 
hand-fonning methods. Furthermore, the strucnire of the device and the methods 
outlined above for removing the device will fairly reliably prevent the inadvertent 
dumping of ttsqjped emboli back into the bloodstream while the device is being 
removed. Smce most prior ait traps and filters are much more difficult to use and are 
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. «red debris back into the bloodsti^m, the present invention 
can be substantiaUy safer than these prior art systems. 

While a prefened embodhnent of the present invention has been described, it 
should be understood that various changes, adaptations and modifications may be made 
therein without departing from the spirit of the invention and tiie scope of the appended 
claims. 



WHAT IS CLAIM^ft ; 

1. A trap for trapping particulate material entrained in a fluid within a channel 
of a patient's body, comprising a guidewire having a distal end and a basket carried by 
the guidewire adjacent said distal end; die basket being ad^ted to strain the particulate 
material from fluid passing Uiercthrough and comprising a metal fabric having first and 
second ends, at least one end of the fabric bdng adapted to slide along the guidewire; 
the metal fabric having a coU^sed configuration wherein the first and second ends are 
spaced from one anodier a first distance along the guidewire and the metal fabric has a 
first diameter, and an expanded configuration wherein the first and second ends are 
spaced a second, shorter distance along the guidewire and the metal fabric has a 
second diameter, the fint diameter being less than the second diameter. 

2. A trap for trapping particulate material entrained in a fluid widiin a channel 
of a patient's body, comprising a guidewire having a distal segment and a metal fabric, 
the metal fabric having a fiist end carried by the distal segment and a second end 
slidable along the guidewire, the metal fabric being disposed adjacent the outer surface 
of the guidewire when the second end is spaced proximally of the first end and 
extending generally outwardly of the guidewire when the second end is sUd nearer the 
first end to define a particle-tn^ping screen. 

3. Tht tap of claim 2 wherein the first end is afBxed to the guidewire. 

4. The tr^ of claim 2 wherein die metal fabric is resilient and the second end 
will resilientiy slide toward the first end to define the particle trapping screen when the 
fabric is not constrained. 

5. The trap of claim 2 wherein a first lengdi of the metal fabric extending 
pTOMmally from the fint end defines a distal surface of the screen and a second length 
of the metal fabric extending distally from the second end of the fabric defines a 
proximal surface of the sd ee n . 

6. The trap of claim 5 wherein the screen is generally dome-shaped and the 
second length of the fabric is received within the first length of the fabric. 

7. The tr^ of claim 5 wherein a central portion of the metal fabric defines a 
proximally-fadng lip of the screen. 

8. The trap of claim 2 further comprising a tether extending from said screen 
to the guidewire, the tether being attached at one end to the guidewire. 



claim 8 wherein the screen has a periphery, the tether 
comprising a wire attached at each end to the guidewire and extending about the 
periphery of the screen such that when the tether is drawn inwardly toward the 
guidewire it wifl act as a drawstring to collapse the periphery of the screen toward the 
guidewire. 

10. The trap of claim 2 further comprising a cover formed of a metal febric, 
the cover being sUdable along the guidewire ftora a first position spaced priOTmaUy of 
the screen toward a second position adjacent the screen. 

11. The tr^ of claim 10 wherein the cover has two ends, the cover being 
disposed adjacent the outer surface of the guidewire when one end is spaced 
pioximally of the otiier end and ortending gaiexally outwardly of the guidewire to a 
diameter at least as great as an outer diameter of the screen when one end of the cover 
is slid nearer the odier end. 

12. The tr^ of claim 10 wherein the screen is generaUy dome-shaped and 
includes a proximally-fadng Up, the cover in an expanded configuration denning a 
recess sized to receive tiic lip of the screen. 

13. The trap of claim 12 wherein the screen has an outer diameter and the 
cover has an inner diameter greater than the outer diameter of the screen. 

14. A method of tn^jping particulate material entrained in a fluid within a 
channel of a patient's body, comprising: 

a) providing a metal febric having a collapsed configuration wherein it has a 
first diameter and an expanded configuration wherein it has a second, greater diameter 
and defines a proximaHy-fecing partide-ieceiving cavity; 

b) • collapsing the metal fabric into its collapsed configuration and urging the 
metal febric along said channel to a deployment site; 

c) permitting the metal febric to resiUeatly substantiaUy return to its expanded 
configuration; 

d) allowing the fluid to flow through the metal febric to trap a portion of the 
particulate material in the cavity; 

c) at least partially closing the metal febric to retain the trapped particulate 
material is retained within a closed cavity; and 



f) retracting WJnetal fabric along the channel with He particulate matfT^^i 
retained within the collapsed cavity. 

15. TTie method of claim 14 wherein the metal fabric in its collapsed 
configuration is urged along a catheter positioned within a lumen of the channel. 

16. The method of claim 15 wherein the fabric is allowed to substantiaUy 
return to its expanded configuration by urging the fabric beyond the distal end of the 
catheter. 

17. The method of claim 14 wherein the metal fabric is closed by urging a 
cover into engagement with a distal portion of the metal febric to retain the particulate 
material within the cxviXy, 

18. The method of claim 17 wherein the cover has an expanded configuration, 
fiinher comprising the steps of collapsing the cover, urging the cover along the channel 
to a position spaced proximally of the metal fabric, and allowing the cover to 
resilienUy substantially remm to its expanded configuration prior to urging the cover 
into engagement with the metal fabric. 

19. The method of claim 14 wherein the metal febric is carried by a guidewire 
and at least one tether extends firom a proximally-fadng Up of the febric proximally to 
the guidewire, wherein the metal fabric is dosed by urging the tether down toward the 
guidewire to draw the lip of the metal febric toward the guidewite. 

20. The method of claim 19 wherein the tether is urged toward the guidewire 
by urging a sheath distally along the guidewire toward the metal febric, the sheath 
having an lumen smaller than the lip of the metal febric. 
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